Introduction
India is home to more than 1.26 billion of global population and generation of enough resources for the inclusive growth of the country has always been a big challenge for policy makers. Electric energy being one of the necessities for poor and rich alike remains one resource which has always been over burdened. This is in-spite of substantial gains made by the country in terms of installed capacity enhancement post independence. In 1950 the total installed capacity of the country was a meagre 2300 MW which has increased to about 212.828 GW by Jan'2013. The economic thrust experienced by India over the last decade has lead to electricity demand being surged at a much rapid rate than ever before. During the FY 2011-12, In-spite of a global economic recession the power demand in the country kept increasing. As a consequence, the power outages are a common practice and close to 40% population has no access to grid power (GWEC 2012) . As per the policy documents, power demand of the country will triple during the period -2030 (GWEC 2012 . All this means that a very robust and carefully planned power policy, both short term and long term, is required to expand the power generation/delivery mechanism in order to keep up with the increasing demand and electrification of more villages.
The essence of 'sustainable development' stems from two fundamental approaches (Sanaeepur et al. 2013) . First one may be termed as long term approach which requires substituting the existing technologies from those less dependent on hydro carbon based fuels. While the second idea of sustainable technology calls for the development of renewable sources of energy. Thus, power generation technologies have been under rigorous review all over the world since considerable period of time now. The development of renewable energy sources is a thrust area and the governments all over the world are constrained to promote them due to reasons such as diminishing coal reserves coupled with the environmental issues (Athanas & McCormick 2013; Dahlquist et al. 2011; Chaubey & Saket 2012) . These concerns have lead to development of better and more efficient methods of tapping renewable sources of energy (Al-Majed, & Fujigaki 2010) . Apart from their environmental attributes and providing energy requirement reliefs, they also trigger creation of a huge amount of future oriented jobs (Hinrichs-Rahlwes 2013) .
Out of all the sources of renewable energy wind is the oldest and most researched topic for the academicians and researchers alike. Wind Electricity Generation (WEG) has under gone very fast development in the last three decades (Kaldellis & Zafirakis 2011; Okundamiya & Nzeakoba 2012 )from being an off grid power source for holiday homes and small village communities in Europe and America to a fully commercialized power generation industry all over the world. Realizing the potential of WEG India too has taken up the task of harnessing it as a priority policy issue.
The Indian wind electricity generation program began in late 1980s with the active assistance of some of the leading WEG countries in those days such as Netherland and Denmark (Earnest & Tore 2011) along with the keen interest of Indian manufacturers such as Bharat Heavy Electricals Limited (BHEL). Although, in the initial phase the progress was slow but it remained steady due to the sustained efforts of government of India through its organization Ministry of New and Renewable Energy (MNRE). In the year 1997 MNRE took a decisive step for the development of wind energy in the country by setting up the first wind turbine test center, the Center for Wind Energy Technology (C-WET) at Tamil Nadu, Chennai (Madras in those days). Ever since its inception C-WET has been responsible for dealing with R & D related issues pertaining to wind energy.
This paper is an endeavour undertaken to present a comprehensive analysis of Indian wind sector right since its inception to the present day and the challenges ahead of it. Its importance vis-à-vis meeting future demands and various initiatives being taken and proposed for increasing the wind generation capacity are also discussed. Besides, unleashing a detailed discussion on above issues one of the most important technical aspects of wind generation; choice of electrical generator for wind applications is also discussed along with basic functioning of each.
Evolution of Wind Power Generation Systems
Ever since the inception of modern civilization, human race has undergone a great transition through countless life changing inventions. One of the greatest inventions ever achieved by human race is to learn the art of harnessing energy in its various forms. As per the available counts use of wind turbines for human welfare is as old as 200 B.C. In those times it was mainly used for driving ships, pumping water from reservoirs for irrigation, grinding of food grains and other simple but important applications for sustenance of life. However, it was much later in 1887 that a wind turbine was used for the first time for generating electricity. It was basically a wind turbine that was used for power generation by charging a dc battery for the holyday home of the inventor James Blyth in Marykirk, Scotland (Price 2005) . The battery charging wind turbine of Blyth is depicted in Fig. 1(a) . A little later in 1888 Charles F. Brush, the American inventor, built first ever automatic wind turbine for electricity generation in Cleveland Ohio USA (Carlin et al. 2003 , Kaldellis & Zafirakis 2011 , depicted in Fig. 1(b) . Subsequent to introduction wind turbine generators by Blyth and Brush further advancements in the designs of wind turbines were initiated by a numbers of inventors. Marcellus Jacobs introduced one of the most important wind turbine designs in the beginning of 20th century (Manwell et al. 2002) . Afterwards, for the next 20 odd years most of the wind turbine designs evolved in horizontal axis designs. In 1922 the finish engineer S.J. Savonius brought out the Sovenius turbine and in 1931 Georges Darrieus developed the Darrieus turbine (Eriksson et al. 2008) . Both Sovenius and Darrieus turbines were based on vertical axis designs and are considered standard for many subsequent VAWTs. However, all these machines were relatively lower rating KW machines. The first ever megawatt capacity wind turbine was developed in 1941. The 1.25 MW Smith-Putnam turbine depicted in Fig. 1(c) (Ahlstrom 2005) was installed in Vermont, USA (Gasch & Twele 2012) . The global wind power generation capacities have increased from 6,100 MW in 1996 to about 282.482 GW by end of 2012 (GWEC 2013) . Likewise, the generation capacities of wind turbines have increased monumentally, from few kilowatts capacity Wind Turbine Generation Systems (WTGS), today the largest capacity wind turbine Enercon E-126 installed in Poland is capable of generating about 7.5 MW of power on its own. The Gunsu wind farm of China is the largest on shore wind farm with capacity of more than 5000 MW (List of onshore wind farms, n.d) and is expected to be upgraded to 20000 MW in the future. On the offshore front, the Greater Gabbard wind farm of UK has the distinction of being the largest off shore wind farm producing 504 MW of power through 140 wind turbines (Anonymous, 2012) . Off late, Japan has taken up the task of moving away from its dependence on nuclear power to renewable energy and in its endeavour is planning to build the largest off shore wind farm till date of the capacity of 1 GW by using just 143 wind turbines in its Fukushima province (Bob 2013 ). The plant is proposed to be operational by 2020. The total WEG installed capacities of some of the important wind power nations are given in Fig. 2 . 
Wind Power Generation in India
Fig. 3 depicts a wind farm in the Indian state Maharashtra, India. Indian wind energy program started in 1980s. In the initial stages of wind technology development India received substantial assistance from the countries such as Netherland and Denmark. However, the Danish assistance in this regard has been unparalleled and proved most beneficial for the promotion of wind power in India. The Danish International Development Agency (DANIDA) supported RISO Laboratory of Denmark carried out wind assessment studies in India in 1982 (Madsen 2013) . One of the first ever wind plant was installed at Veraval, Gujarat with 40 KW wind turbine through Dutch assistance (Earnest & Tore 2011; Khan & Khan 2013a ). However, the turbine failed due to excessive wear. Subsequently, another attempt was made through imported wind turbines of Danish make Micon and DWT at Mandvi, Gujarat (Earnest & Tore 2011) . This system worked successfully and the wind energy program was set in motion. In the same period indigenous manufacturer Bharat Heavy Electricals Limited (BHEL got a wind farm installed at Mullakkadu, Tamil Nadu with 10 WTGS each of 55 kw capacity, the overall capacity of the farm later increased to 1.15 MW (Satyaraj 2013 In spite of the interest evoked by success some of the earliest wind installations, the progress of wind generation in India remained slow and sluggish in comparison with the established players such as USA and Denmark. This trend continued till about late 90s. However, with the dawn of new century, India started to emerge as a new global economic power. The economic prosperity meant an increase in power demand by all the sectors in the country. To feed this increasing demand of power the country had to look for all possible avenues of generating more power besides the conventional ones afresh. Thus, wind energy generation got a fresh lease of life through various policies introduced by the government for the promotion of renewable energy sector. In this regard the electricity act 2003 (EA-2003) proved to be instrumental for power sector in India on the whole. It was subsequent to the passage of this act that government announced lots of supportive measures or wind power sector. The result of these policies is represented by excellent capacity additions of wind power in 10th and 11th plan periods. For instance, the wind generation target set for 10th plan (2002) (2003) (2004) (2005) (2006) (2007) was 1500 MW where as actual realization was 5427 MW. Similarly, for the 11th plan (2007-2012) the targeted wind generation was 9000 MW while achieved figure was 10,260MW. To give a specific breakup of wind power generation pattern in last decade, the year wise wind generation capacity addition of the country since 2002 is shown in Fig. 4 , while Fig. 5 illustrates share of wind energy in total renewable energy generation in India for the period April to August '2012.
As per the statistics released by Central Electricity Authority (CEA) of India the total installed generation capacity of India as on 31/01/2013 is given as 212.828 GW with the contribution of various sources as shown in Fig. 6 . Out of the total installed capacity the share of renewable energy sources is about 26.920 GW of which the contribution of wind power is about 18.551 GW, that is more than 70%
Up to Dec'2012 Data Source: cwet.tn.in The breakup of contributions from various renewable sources in the total installed capacity as of end of Jan'2013 is illustrated in Fig. 7 . Traditionally, most of the wind generation sites in India have been located in southern and western states. However, off late Rajasthan is attracting a lot of investment in wind power sector and a lot of wind farms are being commissioned in the desert state. Apart from these major wind power states Madhya Pradesh, West Bengal, Kerala and Goa are also making investments towards wind infrastructure. The wind power generation progress over a period of last decade in different important wind power states of India is shown in Table  I .
The data in Table 1 interestingly reveals that five southern and western states of Gujarat, Maharashtra, Tamil Nadu, Andhra Pradesh and Karnataka had been contributing more than 90 % of the country's wind power till about 2008. However, due to the progress shown by northern states of Rajasthan and Madhya Pradesh, the over domination of these states has slightly decreased to about 85%. Out of all the up-coming states in wind generation Rajasthan is leading by some distance and is fast becoming one of the most important states on the wind map of India. The Rajasthan government wind policy envisages furthering its wind generation exploits by promoting installation of 100 MW electricity generation capacity from wind in Rajasthan over next three years (Anonymous 2013) . Inspite of these developments the Indian wind generation scene pretty largely remains dominated by southern and western states with Tamil Nadu miles ahead of every other state of the country. The total installed wind power capacity of Tamil Nadu as on 31/3/2012 was 6987.6 MW. This makes Tamil Nadu the most important Wind Electricity Generation (WEG) state for the country.
Apart from the capacity addition one of the most important aspects of renewable energy is their environmental attribute. As per the C-WET assessment wind energy generation contributes to environmental saving by decreasing the effective SO x , NO x and CO 2 emissions. The data of Table 2 gives an assessment of the pollution saving from WEG having an average output of 4,00,0.00 kWh per year.
In the initial phase of its development the wind installations were largely dependent on the imported technology and the hardware as the industry was still evolving. However, today the Indian wind manufacturing industry has gained the distinction of being third largest in the world. India is home to some of the biggest turbine manufacturers of the world such as Suzlon, ReGen Powertech, Kenersys, Vestas etc. who are implementing some of the best available technology.
Wind Resource Assessment: Facts and Figures
The planning of wind generation utilities involves study of wind patterns such as density, speed etc., on the basis of total land area available. This requires data collection and careful analysis of the accumulated data and its proper interpretation. In recent times there have been a lot of contradictions on figures proposed as wind energy potential in India. As per the initial official assessment of MNRE/C-WET the wind potential of India was estimated to be 49 GW at 50 m hub height which was reviewed later on to 103 GW at 80 m hub height. Contrary to this two recent studies conducted by different organizations put India's wind energy potential much beyond the official assessment of MNRE/C-WET. The first estimation was carried out by a group of experts belonging to Harvard University and the Technical Research Center of Finland (published in the Proceedings of the National Academy of Sciences) while the second by experts from The Energy Resources Institute (India). Both studies assessed the on-shore wind potential in India to be greater than 1,000 GW at the minimum hub-height of 80m (GWEC, 2012) . However, the findings of the study carried out by Amol Phadke et. al of Laurence Berkeley National Laboratory(LBNL),USA (Phadke et al. 2012) give a more comprehensive estimation of on-shore wind energy potential in India. The key findings of the study suggest that if a turbine installation density of 9MW/KM 2 is presumed, the total wind potential of India comes out to be much greater at 2000 GW to 3121 GW with the hub heights of 80m and above with a capacity factor of 20% at 2% land availability. Acknowledging the new findings of Lawrence Berkley Lab the Ministry of New and Renewable Energy (MNRE) taking a positive step has signed MOU with the organization for proper resource assessment of on shore wind energy in India.
Wind Turbines: Technologies and Innovations
Various essential components of a wind turbine are illustrated in Fig. 8 Ltd. However, the growth registered by the wind sector lead to a number of new manufacturers entering the fray. Up-till Nov'2012, there were around 16 Indian manufacturers with a combined manufacturing capacity of 9500 MW. At least four new manufacturers are expected to introduce themselves in Indian market in the FY 2013-14 which will catapult the capacity to more than 10000 MW. Apart from this most of the established manufacturers in US and Europe having their subsidiaries in India are sourcing more than 80% of their orders from India. As of today Indian manufacturers are making almost all variants of wind turbines such as with gearless and geared drives coupled with synchronous, asynchronous and DFIG generating devices in a variety of hub heights and rotor diameters. A typical list of wind turbine specifications manufactured in India by various companies is given in Table 3 .
Generators: Types and specifications
The choice of generating device for wind turbines is one of the prime design considerations. The generators to be used for wind applications must be robust, cost effective, fault tolerant and should require minimum maintenance. These attributes are necessary for wind applications as the machines often have to work in hostile environments at isolated places which may be away from the immediate technical help. The modern wind turbine generators may be classified into following four categories ( Each of these are herein discussed in brief.
Fixed-speed wind turbine generator (Type 1):
The fixed speed or type 1 wind turbine generators (WTGs) do not administer substantial controlling mechanisms and are often referred as self excited induction generators (SEIGs) due to absence of an exciter. They are squirrel caged induction machines and may be used both in isolated as well as grid connected modes. Whether operating in isolated or grid connected mode in both scenarios the main operational constraint is that they do not generate reactive power rather consume it and hence have an inherently poor voltage regulation (Khan et al. 2012a; Fraile-Ardanuy et al. 2012; Yang 2008) . Thus, reactive power requirements of SEIGs to supply excitation as well as the loads they feed have to be met through some external means. The SEIGs are invariably supplied reactive power through static capacitors connected across their stator terminals (Khan et al. 2013b; Szabó et al. 2007 ). The voltage regulation, however, can be improved to a large extent by various means readily available such as series capacitances, statcoms, switched capacitors etc. (Ahshan & Iqbal 2009; Chauhan et al. 2012; Khan et al. 2012b; Singh et al. 2004) . Furthermore, because of their poor frequency and voltage regulations they are suited only for constant speed operations as both the generated voltage as well as frequency are very sensitive to speed variations. A general purpose induction motor of required variant (1 phase, 3 phase) and rating can be easily customized to act as a SEIG generator. The biggest attributes of SEIGs are that they are extremely rugged, maintenance free, economical and possess an inherent ability of self protection against short circuits and over loads as the excitation breaks down immediately under such transient conditions (Bansal 2005) . The basic configuration of a three phase SEIG is shown in Fig. 9 wind turbine generators work on optislip concept and are wound rotor induction machines with capability to offset the effects of variation in wind speed on generated power. The Danish manufacturer Vestas has been using this technology since 1990s (Hansen et al. 2001) . The type 2 wind turbine generators are able to maintain constant output power at speeds higher than the rated speed by extracting slip power of the machine through a variable resistance connected in series with the rotor and dissipating the extracted power into heat through an external resistance. Typically, these generators can maintain constant output power up-to a speed variation of 10 % above of the synchronous speed of machine (Hansen et al. 2007 ).
In the nominal and below nominal speed range their response is similar to type 1 generators. Presently, most of the modern wind turbine manufacturers are successfully implementing the technology in their designs. The fundamental approach of a type 2 WTG is depicted in Fig. 10. 
Doubly-fed induction generator (DFIG) wind turbine generator (Type 3):
The doubly fed induction generators DFIGs (Boldea 2006; Tapia et al. 2003) are essentially the wound rotor induction machines. They have three phase windings both on stator and rotor and may be fed both on the stator as well as rotor windings which is why they are called doubly fed or double output induction generators. Typically DFIGs can work both in generating and motoring modes. However, for dual modes of operation the power electronic converters and the associated components should be capable of handling power in both directions. When operated as a generator, the DFIGs are capable of maintaining constant voltage and frequency over a wide range of variations in speed of wind turbine. This, attribute is especially useful for grid connected wind turbine generators. They are able to operate at constant frequency and voltage at variable turbine speeds by maintaining a continuous coordination with the grid. The basic configuration of a DFIG connected with wind turbine is shown in Fig. 11 .
Full-converter wind turbine generators (Type 4).
The type 4 full-converter WTGs consist of full stage converters between the generator and the grid. They administer control on full power flowing between the electrical generator and the grid, unlike DFIGs which only control about 30% to 40% of the generated power, and hence are costly. The type 4 WTGs are able to effectively separate the generator from the grid which makes the fault response of the system very rapid as well as shields the generator from other transient grid disturbances. The inclusion of full converters provide greater flexibility with respect to variable speed operation as the WTG can operate with a wide range of turbine speeds facilitating higher power extraction. Due to the presence of full converters practically any type of generating machine such as SCIG, WRIG or WRSG may be used in type 2 WTGs as depicted in Fig. 12(a) . However, the permanent magnet synchronous generators (PMSG) are considered to be the most suitable generating machines for type 2 WTGs. The PMSG have attracted a lot of attention in the recent past as they have done away requirement of an exciter and offer better torque-volume and torque-weight ratios. However, they are extremely restrictive in terms of the overload capabilities (Abbasian et al. 2011; Alemayehu 2011) . Off late, due to their easy availability and simple design the permanent magnet dc motors are gaining popularity for application in small scale wind turbines (Soe & Wanna 2011; Atlam 2010) . They also offer a suitable cost effective alternative as wind generator for portable wind turbines which is the latest concept in wind generation systems. A typical small scale wind turbine equipped with permanent magnet dc motor as generator with full converter is depicted in Fig. 12(b) .
Policies and their Implementation
In respect of policies for the promotion of wind generation by way of obligatory legislations there was very little that could be brought over board till 2003. In spite of this wind power sector grew steadily due to the good work of Ministry of New and Renewable Energy. However, the year 2003 proved to be a milestone for wind sector policy environment. The electricity act 2003 included in it the binding laws and legislations for the development of renewable energy sources. The act made it obligatory for the federal and state governments as well as all the relevant agencies under their purview to promote renewable power sector. Consequent to these amendments in electricity act the government of India introduced a lot of useful schemes for the promotion of wind generation entities. Some of them are discussed in this section.
Generation Based Incentives (GBI)
The Generation Base Incentives (GBI) scheme was introduced in 2009 to encourage fresh investments by way of setting up new installations as well as capacity enhancement in the existing wind plants. As per the provisions of GBI all the wind installations are paid a subsidy of US 1 cent / kwh with a ceiling of 0.13 million USD. The Indian Renewable Energy Development Agency (IREDA) is mandated for all financial handling of disbursements. The amount is besides the energy tariff and is disbursed on half yearly basis. The scheme was to be rendered only to those wind plants installed up to 31st march. However, in 2012 the MNRE has recommended to Government for its continuation in 12th plan (2012-17) with provisions of review in the rate of incentive.
Accelerated Depreciation (AD)
It was introduced around 2009 and as per the provisions of AD a wind installation was allowed to right off up-to 100% (which was later reduced to 80%) of its dept and other financial liabilities within first year of its commissioning. The provisions of scheme were to be made available only to those wind generation systems installed up to March' 2012. However, the success of this provision prompted the industry to lobby for its continuation in the sixth plan (2012-2017).
Renewable energy Certificates (RECs)
Apart from the GBI another policy which has been introduced is tradable Renewable Energy Certificates (RECs) which are granted by the government to wind power generation companies. It is a sought of certification that a specific wind generator has generated 1 MWh of energy. The RECs can be traded in open market at the designated power exchanges recognized by the Central Electricity Regulatory Commission (CERC) the buyers may include DISCOMs or any open access consumer. The RECs generated in one state may be sold in any other states of India. This provision is especially useful for wind scarce states and enables them to fulfill their incumbent RPO targets.
Renewable Purchase Specifications (RPS)
Another problem faced with the wind sector in pre 2003 era was finding buyers and development of transmission infrastructure. The respective states did not take much interest towards this aspect due to the investments involved. However, the electricity act 2003 makes it mandatory for states to commit themselves to Renewable Purchase Specification (RPS) which is another mechanism introduced to ensure full utilization of power generated at renewable sites. Till the later part of 2012 about 26 states had committed their targets under RPS for the sourcing of power generated through renewable sources.
Grid Integration Framework
One of the major impediments in the growth of wind energy is proper grid connectivity. Various issues involved in the integration of wind utilities to grid may be put in two categories; the procedural and technical. Wind plants are sometimes also referred as "bad plants" (Yang 2007) as they produce variable power output. This imposes technical barriers on grid stability, safety and hence maintenance of grid efficiency by offsetting the adverse affects of the wind injected/drawn variable power. To deal with all the commercial and technical issues related to grid integration the Indian Electricity Grid Code (IEGC) brought a 'must-run' status for wind and solar generation systems in 2010. The provisions of IEGC give leeway to wind generation entities on generation scheduling and the penalties levied on account of deviations from the schedule. The generators are responsible to pay the penalties only if the deviations are more than ±30%. For deviations less than this value the states have to bear the penalty.
Tax and other benefits
Besides, the generation based incentives there are several other benefits such as income tax benefits for a period of 10 years, reduction in VAT, exemption from excise duty for importing logistics and hardware. Apart from the tax benefits a very encouraging step taken by the authorities is allotment and leasing of forest land for the wind power projects with expedited provisions for land use conversion.
Future of Wind Power in India
As per the new policies scenario of global energy outlook 2012 the energy demand in India would reach 770 GW by 2035 (GWEC 2012). To achieve this target in stipulated time period the energy sector should grow at a Compounded Annual Growth Rate (CAGR) of 5.9%. In terms of capacity it means that India has to add 20 GW of power every year beginning from 2009. This is already proving to be quite a stiff target keeping in view that the highest generation achieved so far is 18 GW in 2011-12. The wind generation which is largest constituent of renewable energy can ease out this burden if correct policy environment is created.
In order to exploit full potential of wind energy to achieve required growth rate of installed capacity the government had announced lots of good policies in 11th plan which have already been discussed in the preceding section. Out of these policy initiatives the provisions of Accelerated Depreciation (AD) and Generation Based Incentives (GBI) were the most appreciated ones by the wind fraternity. However, with the slowdown in economic growth the government of India decided to curtail both AD and GBI from financial year 2012-13 in spite of the recommendation of MNRE for their extension in 12th plan (MNRE 2013) . There are conflicting views on the long term impacts of this decision on future of wind sector in the country with some (CII 2012) suggesting very little long term impacts while there are others claiming the decision to be retrograding for the wind industry. The long term impact assessment could only be done once an extensive set of data is available. However, the wind figures for FY 2012-13 suggest that actual generation may fall short of the target by a substantial amount. The country may be able to add only 1500 MW of new generation capacity against a target of 2500 MW set at the beginning of the year. As per the data from Central Electricity Authority (CEA), India has been able to add only 1068 MW of wind power up till Dec, 2012. Whether or not this decrease is solely due to policy withdrawals could be a matter of debate. But one can not contest the fact that both AD and GBI did attract lots of investment in wind sector in 11th plan period which is reflected by the excellent returns in the same period. Therefore, the chorus for the restoration of these policy mechanisms is growing with various bodies (Kasthoorirangaian 2012) asking for them to be reinstated.
Apart from the policy environment other issues which need deliberated and well targeted efforts are technical aspects of generation. One of the foremost issues is wind resource assessment. The initial estimates of wind availability by MNRE have been challenged by various studies. The Government citing the anomalies has already taken a positive decision of signing MOU with Lawrence Berkeley National Laboratory, USA for scientific studies and accurate assessment of wind availability in India. On the front of turbine manufacturing facilities and technology, India has made some substantial gains with the help of foreign investments and technology transfer schemes. Almost all the global manufacturing giants such as Suzlon, Gamesa, WindGen Powertech, Enercon, Seimens, GE etc. have made investments and are committed for the long term. India already acquires the distinction of being third largest wind market in the world.
Another avenue of wind generation which has been largely un-tapped in India is off shore generation. India has got about 7516 km of coast line at its disposal which can form a substantial contributor to wind capacity addition in future. The government has initiated work on making a comprehensive policy on off shore wind generation. An expert committee formed by the government in this regard made suggestions in Dec' 2012 for setting up off shore wind farms at Rameshwaran, Kanyakumari, Maharashtra, KeralaKonkan and Gujarat (Press Trust of India 2012). The MNRE on its part has formed a steering Committee which shall look after all the issues related to off shore wind generation. As per initial estimates Chennai alone has a potential of about 2 GW off shore wind power (Samiran 2012) , while there are 4.5 GW capacity installations are planned for immediate commissioning. On the off shore policy front government is contemplating drafting the policy reminiscent to that being implemented for allocation of oil and gas resources in the country. The role of C-WET for future developments continues to be instrumental, it has already helped in increasing the number of wind monitoring stations to 701 by 31st, Jan' 13 (Centre for Wind Energy Technology 2013b) while certified turbine testing facilities in Kayathar are capable of testing wind turbines of more than 1250 KW which may be enhanced on request.
The slow down being experienced by the sector in the current financial year remains a concern and it is extremely important for the industry to quickly pin point the specific reasons of poor showing. The government on its part would do well if the concerns of wind sector with respect to resurrection of policies such as AD and GBI are addressed at the earliest as wind power could contribute substantially not only in meeting the generation requirements but also in saving a lot of carbon credits for the country.
A very important aspect for the better design of wind turbines is improvement of generating devices. Most of the modeling of generators used for wind generation has been based on three phase designs. However, high phase (more than three phases) electric machines especially motors have been investigated thoroughly during the last few decades and are claimed to offer various advantages over three phase machines. The chief advantages of high phase machines are compact unit size, increased power output, better stability, less torque ripples and the reduced acoustic noise (Levi et al. 2007; Dabou et al. 2012; Levi 2008; Jones & Levi 2002) . Apart from these, the high phase machines offer certain attributes which are inherent to their structure, such as reducing the amplitude and increasing the frequency of torque pulsations, reducing the rotor harmonic current losses, and lowering the dc link current harmonics (Dabou et al. 2012) . Therefore, possibility of exploring high phase technology for the design of wind generators is very imminent in current perspective for wind turbine generation systems. In past few years, the research on multiphase generators has picked up pace, however it's utility for wind generation is still very rare, especially in India. Thus it is proposed that high phase technology should be explored for wind generation. The authors of this paper are working towards the design and control of multiphase generators for wind energy applications and hope to contribute significantly towards development of multi phase generators for wind turbines.
Conclusions
Indian power sector has grown at a rapid pace in the post independence era. The installed capacity swelled from a paltry 2300 MW in 1950 to about 211 GW by the end of 2012. With the growing population it has always been a challenge for various governments to make sufficient and reliable power supply available to the users. In this paper a detailed research survey of various facets of wind power and its contribution towards meeting future demands is discussed in detail. In-spite of a late starter compared to established countries like USA, Denmark etc. India has achieved some important milestones in the last two decades. In the initial stages of wind plants development India received great help in terms of technology transfer and training from Denmark. In 1998 the country took a great leap by setting up the first dedicated organization for research and development on wind power in the form of Center for Wind Technology (C-WET). The C-WET since its inception lead by example in setting up various turbine testing facilitates, conducting wind assessment studies, tariff determination exercises etc. With the remarkable increase shown by wind sector, India is fast becoming a manufacturing hub for wind turbines and currently acquires third largest market share in the world. This growth has also been driven by various good policies introduced by the government such as Accelerated Depreciation (AD), Generation Based Incentives (GBI), Renewable Energy Certificates (RECs), Renewable Purchase Obligation (RPO) etc. However, the decision of government to discontinue AD and GBI incentives is expected to have an adverse long term effect. On the technological aspects of wind generation the theory of high phase machines should be applied for improving the reliability and efficiency of generating machines for wind turbines.
